SUMMARY: Achatina fulica's secretion has been recently related to antibacterial, antifungal, and cicatricial properties, and it is influenced by the kind of food offered. Therefore, this study investigated the healing potential of dressing films based on mucous secretion of Achatina fulica. Thus, surgical wounds performed in black wistar rats were dressed with films based on collagen, and on mucous secretion of A. fulica fed with Lactuca sativa; undresses worked as wounds control. After 3, 7, 14 and 21 days the animals were euthanized, and the wounds were microscopically evaluated. On the 3rd and 7th days dressing films based on mucus provided acceleration of the formation maturation of granulation tissue, better epithelization rates, and more rapid replacement of type III for type I collagen fibers. On the 14th and 21st days, these dressings induced more intense deposition and better architectural disposition of type I collagen fibers, and hastened the regeneration of cutaneous phaneros. Dressings obtained from A. fulica fed with Lactuca sativa provided the most expressive results. This study suggests that films produced with mucous secretion of A. fulica can be successfully employed as wound dressing, particularly if snails are fed with Lactuca sativa.
INTRODUCCIÓN
Second-intention dermal wound healing is a highly complex physiopathological phenomenon of skin repair that involves substantial loss of substance and consequent delay on the scar formation (Martin, 1997; Singer & Clark, 1999) . The analysis of the kinetic of this biological process in response to different forms of dermal substitution is important for the development of efficient therapeutic products capable of stimulating the wound healing (Werner & Grose, 2003; Diegelman & Evans, 2004) .
In recent years, there have been many recent advances in wound healing and dermal substitution research, but no product described in experimental studies is so far able to fully substitute the natural living skin (Shakespeare, 2001) . It has been demonstrated that the application of occlusive dressings prevents bacterial growth and wound infection and therefore improves wound healing. The decreased infection rates might be a result of the large number of activated * Science and Technology Institute, Aracaju/SE, Brazil. ** Post-Graduation program in Health and Environment, University Tiradentes, Aracaju/SE, Brazil. neutrophils in the wound fluid, prevention of exogenous bacterial contamination, and prevention of tissue dessication and necrosis (Ojiegbe et al., 1990) . In this vein, the use of natural polymers has been employed as occlusive dressings in healing of dermal wounds owing to their biocompatibility, nontoxic properties, and ease and safety of the application on dermis (Albuquerque-Júnior et al., 2009; Nunes et al., 2011) .
Achatina fulica is a land snail able to produce a glycoproteic secretion which has been demonstrated to present some biological effects, such as antibacterial properties against gram positive and negative microorganisms (Iguchi et al., 1982; Kubota, 1985; Martins et al., 2003; Sirio et al., 2005 , Lorenzi & Martins, 2006 . Furthermore, mucus of this snail has been tested in surgical wounds of experimental animals and proved to improve the dermal cicatricial repair (Martins et al.; Sirio et al.) .
Therefore, the goal of this study is to assess the antimicrobial activity and healing potential of n mucous secretion of Achatina fulica, processed as occlusive dressing films, upon dermal cicatricial repair in rodents.
MATERIAL AND METHOD
Snail Samples. Thirty non-infected land snails Achatina fulica proceeded from the Snail Research Station (SRS) of the Science and Technology Institute (STI/Aracaju/SE, Brazil), weighing 45±5 g, were selected for this study. The animals were housed in wood timber boxes (35 cm width x 30 cm height), with land bedding added to calcium carbonate (to provide calcium levels required for shell development), containing 30 snails each. The boxes were sprinkled daily with water in order to maintain the humidity. The animals were randomly assigned into experimental groups (n=30), was fed with a of plant (Lactuca sativa).
Obtaining of mucous secretion. In order to avoid contamination of the biological material to be collected, the snails were housed individually in plastic cages (75 x 40 x30 cm) and kept under abstinence from food for 3 days. Subsequently, approximately 5 mL of mucous secretion was collected by manual stimulation of the podal glands of the snails. Euthanasia of the snails was not necessary to obtain the mucus, so that the animals were re-delivered to the SRS/ STI thereafter.
Antimicrobial activity. Strains of Candida albicans ATCC 10231, Escherichia coli ATCC 15878, Pseudomonas aeruginosa ATCC 1024, Staphylococcus aureus ATCC 9080, Staphylococcus epidermides ATCC 19606, Fusarium ATCC 9605, ATCC 5487 Salmonella from the BIOSLAB (Rio de Janeiro) was used for microbiological testing. The antimicrobial activity was performed by diffusion wells according to the method described by Shriyan et al. (1995) . BHI broth was inoculated with the microorganisms and incubated at 37 ° C/24horas. After this period, the inoculum was adjusted to McFarland scale tube 0.5 (1.5 x 108 CFU) in saline. Was inoculated by spreading on plates containing Mueller-Hinton Agar m and Sabouraud agar inocula adjusted to the McFarland scale. We used 5 mL, 10 mL and 20mL respectively, of mucus containing the feeds, which were deposited into wells and incubated for 24 hours at 37 °C. The inhibitory activity was determined by measuring the zone of inhibition.
To determine the minimal fungicidal concentration were used tubes containing 5.0 mL of BHI broth, 4 mL of mucus in each group, followed by serial dilution concentrations producing between 290 and 14,800 mg.mL-1 of mucus (Martins et al., 2003) . To the tubes we added 1 mL of each inoculum of 0.5 McFarland (1.5 x 108 CFU) and incubated for 37 º C/24 hours (Cruse & Foord, 1980; Moylan & Kennedy, 1980) . After this period, 100 mL of the contents of the tubes were inoculated on the surface in Sabouraud agar plates, which were incubated at 37 ° C/24 hours. This experiment was performed in triplicate. After the incubation period plates were observed that showed fungal growth. As positive controls we used metronidazole and miconazole commercial at the same concentrations of mucus tested.
Preparation of the films. The film dispersion was prepared using 20 mL of mucus (3.975g) and polyethylene glycol 400 (PEG400), which was employed as plasticizer. The proportion of plasticizer used was 2%w/w of dry mucus. This dispersion was homogeneizated and the films were obtained by casting process. The films obtained in this step of the experiment were cut off in square shape (2x2cm) and sterilized in UV rays.
Surgical Procedures and Group Formation..The animals used for the biological assay were 100 adult male Rattus norvegicus albinus, Wistar lineage, weighing 250-300g. The rats were housed in clear plastic cages with solid floors and loose hardwood chip bedding, and supplied with food and water ad libitum in a temperature and humidity-controlled environment. The animals were anesthetized with intraperitoneal ketamine-xylazine (100 mg/kg -5 mg/kg) and 1cm2 standard-sized square-shaped wounds were performed in the back of the animals. Animals were handled in accordance with the principles of aseptic chain in order to avoid any possibility of exogen bacterial contamination. Subsequently, rats were randomly assigned into three groups of twenty animals each, CG -undressed control group; CoG -dressed with collagen-based films and ACF group dressed with films obtained from mucus of A. fulica fed with Lactuca sativa.
Histological procedures. After death certification, the area corresponding to the wound region in the back of the animals was surgically removed and the specimens were formalinfixed and paraffin-embedded according to routine laboratorial techniques. Subsequently, serial 5µm thick sections were obtained and stained in hematoxylin-eosin to perform the analysis of the inflammatory reaction, and picrosírius, analyzed under polarized light, to study the deposition of collagen fibers, and toluidin blue, to assess the mast cells population.
Assessment of the inflammatory profile (IP).
The intensity of the inflammatory response was assessed in histological sections as follows: -(lack of inflammatory reaction); + (inflammatory cells representing less than 10% of the cell population observed within the wound area); ++ (inflammatory cells representing between 10 and 50% of the cell population observed within the wound area); and +++ (inflammatory cells representing more than 50% of the cell population observed within the wound area). Moreover, the profile inflammatory (IP) was classified as acute (predominance of polymorphonuclear cells) and chronic (predominance of mononuclear cells), and graded as slight, absent, moderate or severe.
Assessement of the percentage of collagen deposition (COD).
Histological sections stained in picrosirius and analyzed under polarized light were used to the descriptive analysis of the collagen deposition. Collagen fibers were analyzed according to their birefringence pattern (greenish/ yellow-greenish or orange, orange-reddish), morphological appearance (wavy or stretched, thin or thick, short or long) and disposition (reticularly arranged or interlaced). The quantitative analysis of the area occupied by collagen fibers in the healing area was determined by optical density in the image analysis system in different randomly selected fields. The system used consists of a CCD Sony DXC-101 camera, applied to a Olympus CX31 microscope, from which the images were sent to a monitor (Trinitron Sony). By means of a digitizing system (Olympus C-7070 WIDEZOOM) the images were inserted into a computer (Pentium 133 MHz), and processed by a software (ImageTool). A total of ten fields per case were analyzed at a magnification of 100x. The thresholds for collagen fibers were established for each slide, after enhancing the contrast up to a point at which the fibers were easily identified as birrefringent (collagen) bands. The area occupied by the fibers was determined by digital densitometric recognition, by adjusting the threshold level of measurement up to the different color densities of the collagen fibers. The area occupied by the fibers was divided by the total area of the field. The results were expressed in percentage of the skin area fraction occupied by the collagen fibers.
Statistical analysis. Statistical significant difference in the severity of the IP was assessed by chi-squared test, whereas the significances of the differences in the COD rates were verified by analysis of variance (one-way ANOVA) and Tukey test. Each time point was analyzed separately, and two-tailed a-level of p = 0.05 was significant.
Ethics Considerations. Prior the beginning of any experimental procedure, this study was approved by our Animal Care and Use Committee (register 101107).
RESULTS AND DISCUSION
Antibacterial activity. In Table I , the results of the antimicrobial tests were presented. Inhibition zone (Iz) was observed against Staphylococus aureus and Staphylococus epidermidis, and the higher was the concentration of the mucus the larger was the diameter of the inhibition halos (p<0.05). No significant difference was observed in the inhibitory activity of the mucus regarding both microorganisms (p>0.05) nor between them and metronidazole (p>0.05).
Morphological analysis of the histological sections stained in HE.
The semiquantitative analysis of IP rates is presented Table II . It was observed that the severity of the inflammatory response descreased in the groups in time, but no significant difference was observed among the groups in any of the experimental periods (p>0.05). However, the pattern of the leukocyte infiltrate varied in the experimental groups in time, as follows: 3rd day. In CTR and COL there was intense infiltration of neutrophils, particularly in the surface of the specimens, and prominent interstitial edema. Despite foci of tissue lysis could be seen, they were considered inconspicuous. Moreover, in the bottom of the wounds, intense lymphocytic infiltrate was observed in association to dense proliferation of spindleshaped cells consistent with angioblasts, sometimes forming few small thin capillary vessels. In ACF, extensive hemorrhagic areas and rich network of capillary vessels Table I -Antimicrobial activity of mucus of Achatina fulica.
formation were verified ( Fig. 1 a/b/c) .
7th day. CTR showed maintenance of acute neutrophils-rich infiltrate in the top of the wounds, and copious granulation tissue, in a predominantly angioblastic phase, in the bottom. COL presented exuberant granulation tissue, and deposition of wavy thin delicate bundles of eosinophilic fibrils consistent with collagen. Adipocytic infiltration was occasionally observed. Epithelization was still inconspicuous in both groups. In ACF the granulation tissue was exuberant, but presented in a fibrovascular phase, with prominent fibroblastic proliferation.
14th day. In all groups, there was residual moderate inflammatory infiltrate, rich in lymphocytes, associated with scanty congested blood vessels. In addition, eosinophilic parallel-arranged fibrous bundles, with wavy appearance and varied thickness, could be observed. In COL and ACF, however, the collagen fibers were more apparent, and composed of thicker parallel-arranged fibers.
21st day. No residual inflammatory infiltrate was observed in any control or experimental group. The fibrous , and granulation tissue well-developed seen in COL (e) and ACF (f) after 7 days. Residual granulation tissue seen in CTR (g) whereas collagen scar formation was observed in Col (h) and ACF (i) after 14 days. Advanced epithelization is also evidenced in all groups. In 21 days, there was lack of inflammatory response in all groups but the neoformation of cutaneous appendages was rudimentary in CTR (g) but quite advanced in COL (h) and ACF (i).
connective tissue was dense and moderately cellular, although the collagen fibers tended to be parallel-arranged in CTR but interlaced in COL and ACF. However, neoformation of cutaneous appendages were more advanced in COL and ACF.
Morphological analysis of the histological sections stained in Sirius red (observed under polarized light)
3rd day. Scanty delicate birefringent greenish and yellowgreenish reticularly-arranged collagen fibrils, with abundant interfibrilar spaces, were observed in all three groups. 7th day. Greenish and yellow-greenish collagen fibrils were scanty and quite delicate in CTR, particularly in the surface of the wounds. In COL, the fibrils were more conspicuous and the reticular arrangement was more apparent, whereas in ACF there was deposition of some few delicate orange fibers in addition to the yellow-greenish ones, whose arrangement tended to be parallel to the surface of the wounds.
14th day. CTR presented short thin collagen fibrils with both yellow-greenish and orange birefringence, and interfibrillar spaces were quite apparent. In COL, the fibers were longer, but delicate, and there was a significant amount of orange fibers, although greenish ones were abundant. In ACF, orange fibers were predominant, and they were thicker than in the last two groups but less compactly disposed in the surface of the wounds than in the bottom.
21st day. CTR showed thick gross and orange collagen fibers in parallel arrangement. COL and ACF presented gross orange and reddish fibers, but they tended to assume a characteristic interlaced disposition.
In Table III , the results of the morphometrical analysis of the collagen deposition was presented. Both dressed groups showed significantly higher contents of collagen fibers than CTR in all the experimental periods (p<0.00). Moreover ACF exhibited the more expressive rates of COD than COL in 7 (p=0.001) and 14 days (p=0.01).
In this study, the mucous secretion of A. fulica inhibited the bacterial growth of both have been previously reported (Iguchi et al.; Kubota; Martins et al.; Sirio et al.; Lorenzi & Martins, 2006) . It has been proposed that this mucous secretion is rich in lysozyme, opsonines, and other antibacterial and antiviral factors (Fuchino & Barrett, 1992) . In addition, mucus of Achatina fulica was proved to be rich in Achactin, a high molecular weight glycoprotein belonging to the family of aminoxydase capable of lysing the cytoplasm membrane of bacteria in active proliferative phase, but not in quiescent ones, a toxical effect similar to that produced by penicillin (Ehart & Floyd, 2002) . Notwithstanding, these mechanisms may be related to the antimicrobial activity of the mucous secretion, further research is needed in order to fully clarify this issue.
Staphylococcus aureus is the most common cause of posttraumatic skin and soft tissue infections (Onche & Adedeji, 2004) and this microorganism has been reported as the commonest isolate from post-operative wound injection (Rich & Whittaker, 2005) . Staphylococus epidermidis, on the other hand, has been related to high antibacterial resistance rates and nosocomial infections (Antunes et al., 2008) . Therefore, since the healing is known to be affected by tissue bacteria concentrations higher than 10 5 microorganisms per gram (Chong et al., 2002) , the use of dressing materials able to reduce content of these microorganisms in surgical dermal wounds, as performed in this study, might be useful to avoid wound infection and, therefore, favor wound healing (Ojiegbe et al.) .
Previous investigations attesting the healing potential of the mucus of Achatina fulica have been reported in this decade (Caetano, 2000; Yomassa, 2002; Martins et al.; Sirio et al.) , but this is the first one to process this biological material as films for wound dressing. In this study, neither infiltration of eosinophils, a typical morphological sign of allergenic reaction (Chowdary et al., 2003) , nor clusters of epithelioid and foreign body giant cells, classical feature of biological incompatibility (Maluf-Meiken et al., 2006) were observed within the wounds, attesting the good acceptability of the films by dermal tissues of the animals.
The time course of the present results obtained from histological analysis of the control group fits with the overall picture regarded as normal dermal healing (Albuquerque-Júnior et al.) . However, the use of both wound dressings improved the development of the granulation tissue and, collagen deposition, attesting the significance of wound protection for the healing process (Ojiegbe et al.; Nunes et al.) .
Despite improvement of wound healing having been observed in the group treated collagen-based dressings, as already reported by Albuquerque-Júnior et al., the histological changes evidenced in the group treated with films based on mucous secretion of Achatina fulica were more distinguishable. Similarly, the improvement of wound healing resulting from the application of mucous secretion of A. fulica has been previously reported (Martins et al.; Sirio et al.) , attesting the healing potential of this biological material derived from giant snails.
In this study, the more rapid granulation tissue formation and maturation, as well as the earlier replacement of neutrophils (acute infiltrate) by macrophages and lymphocytes (chronic infiltrate) suggest that the chemical compounds present in those films may play an important role in modulating the angiogenesis and chronification of the inflammatory response, two important events involved in wound healing. However, the mechanisms underlying such biological properties remain unclear. It has been recently demonstrated that mucous secretion of A. fulica composed of a rich polysaccharide complex and sialic acid, elements which represent important constituents of the connective tissue (Lorenzi & Martins, 2008) . Besides, an important role played by polysaccharides on the modulation of the inflammatory response had been previously described, attesting the capability of these molecules in preventing intraperitoneal adhesion and abscess formation in a rat peritonitis model (Bae & Barreto, 2004) . On the other hand, since no significant difference in the inflammatory intensity was observed in this study, it is suggested that the modulatory activity on the leukocyte infiltrate and blood vessels formation is likely an indirect effect of other biological properties of the films. It is well-established that the release of biological compounds responsible for the chemotaxis of polymorphonuclear leukocytes is influenced by the bacterial content in the infected site (Welch et al., 1981) . Thus, it is possible to speculate that the early chronicity of the inflammatory response may be a result of the antimicrobial activity of the mucus, as observed in this study and in other reports (Kubota; Gopinath et al., 2004) . In addition, the release of angiogenesis-associated growth factors, such VEGF (vascular-endothelial growth factor) and PDGF (platelet-derived growth factor), after inflammatory chronification is a key-step to the development of the granulation tissue during wound healing (Dielgeman & Evans), which could support our findings regarding to the enhanced vascularization. However, other detailed investigations assessing the effects of A. fulica's mucous secretion on the inflammatory dynamics and endothelial cells proliferation are necessary to validate this theory.
Collagens are proteins synthesized and degraded by fibroblasts which play a fundamental role in the scar tissue formation. Fibril-forming collagens in soft tissues are represented mainly by type I and III molecules (Junqueira et al., 1983) . Type III collagen it is first produced in early stages of wound healing, supposedly to provide a network of adhesive macromolecules capable of orienting the migration of endothelial cells to form the granulation tissue; thereafter, this molecule is gradually replaced by type I collagen, the major molecule responsible for providing tensile strength to the tissue, so that the scar acquires mechanical stability (Albuquerque-Júnior et al.; Nunes et al.) . In this study, the use of films based on mucous secretion of A. fulica favored a rapid replacement of type III for type I collagen and accelerated the spatial organization of the collagen fibers from parallel disposition to interlaced arrangement, characteristic of normal dermis. Besides, the collagen content was significantly improved by such films during all the time course of the experiment. Despite the precise mechanism responsible for such improvement in the collagenization is still unknown, it is possibly related to the biochemical composition of the mucous secretion, which is rich in mucin (Lorenzi & Martins, 2006; Sirio et al.) . Mucin is characterized by numerous tandem repeats that contain proline and are rich in serine asparagine, hydroxylysine and/ or threonine residues (Adikwu, 2006) . Therefore, as long as these aminoacids are closely involved in the biochemical synthesis of collagen molecules, the presence of high contents of mucin in the mucous secretion of A. fulica (data not shown) might be related to the better collagenization observed in this study. Supporting these findings, it has been Type III collagen is seen as greenish and yellow-greenish fibers, whereas type I collagen is represented by orangish and reddish fibers. Vertically, the experimental groups CTR (1), COL (2), ACF (3). ACF showed earlier replacement of type III for type I collagen in 7 days (b3), denser compactation of parallel-arranged collagen fibers in 14 days (c3), interlaced disposition of the fibers in 21 days (d3) resembling the normal dermis (sirius red/polarization, 100x).
reported that the application of snail mucin dispersed in detarium gum gel proved to be useful to improve wound healing (Adikwu & Alozie, 2007) . Notwithstanding, further investigations are required in order to unravel the precise role played by the mucous secretion's chemical compounds on the collagenization during wound healing.
In conclusion, we have demonstrated that the mucous secretion of Achatina fulica presents antibacterial properties against Staphylococcus aureus and Staphylococcus epidermidis. In addition, the use of dressing films based on this mucous secretion improved wound healing in rodent model.
